Background and Objectives: Given the increased number of treatment options for stage IA lung cancer patients, there is a growing body of literature that focuses on comparing each option's relative impact on quality of life (QoL). The current study seeks to further understand the differences in these patients' QoL according to surgical approach. Methods: Screening-diagnosed first primary pathologic stage IA non-small-cell lung cancer surgical patients from the I-ELCAP cohort who answered a baseline and 1-year follow-up QoL questionnaire (SF-12) were included in the analysis. Thoracotomy patients (N ¼ 85) were compared with VATS patients (N ¼ 15) using paired t-tests and analysis of variance tests. Results: Multivariate analyses indicated no differences in QoL change between the two groups from pre-to post-surgery. Physical and emotional role functioning significantly improved among VATS patients and worsened among thoracotomy patients. Among thoracotomy patients, a significant decrease in post-surgical physical QoL was observed only in those who underwent lobectomy (À3.3; 95% CI: À5.1,À1.5), not limited resection. Conclusions: Although the sample size is small, preliminary findings underscore that changes in overall QoL are similar in VATS and thoracotomy stage IA lung cancer patients. Extension of the resection may be a more relevant factor on QoL post-surgery.
INTRODUCTION
Among early stage lung cancer patients, quality of life (QoL) is of outmost concern because, for the majority, the risk of death is relatively low thanks to the advances in surgical treatment, so patients are able to focus on the physical and mental health sequelae of lung cancer [1] [2] [3] . Further, compared to other cancers, lung cancer patients experience especially high symptom burdens including pain and lung function difficulties, multiple comorbidities, and numerous mental health concerns [1] [2] [3] [4] [5] [6] [7] [8] .
Given the increased potential number of treatment options for early stage lung cancer patients, there is a growing body of literature that focuses on the comparison of each option's impact on QoL [9] [10] [11] . Changes in QoL among lung cancer patients who undergo surgery is often dependent on the extent of surgery, with less invasive approaches generally associated with better post-surgery physical QoL scores, and faster return to pre-surgical conditions [9] [10] . However, the findings of the literature are mixed. One study involving patients with stage-I lung cancer that were randomized to either sublobar resection (SR) or SR with brachytherapy, found that there was no significant differences preto post-surgery in the percentage of QoL score change between the two treatment groups [10] . Similarly, a recent study comparing bilobectomy and lobectomy patients, found no differences in QoL changes [11] . Ostroff et al. found that early stage lung cancer survivors who had undergone surgery 1-6 years prior had lower physical health QoL scores as compared to a screening sample, but there was no difference between the two samples on mental health QoL scores, nor was there a baseline QoL assessment on which to compare the data [12] . When compared to healthy controls, however, mental and physical health QoL was found to be significantly worse among post-lobectomy lung cancer patients only [13] . Recent research from our group indicated that, in multivariate analyses, only lobectomy, not limited resection had a negative impact on QoL from pre-to post-surgery and that impact was limited to physical health QoL [14] .
Research involving the specific comparison of VATS (videoassisted thoracic surgery) and thoracotomy on early stage lung cancer patients' QoL is limited. One study of stage I lung cancer patients, found that an improvement in physical health QoL was more common among VATS patients as compared to thoracotomy patients [15] . However, Rizk et al. found that pain and physical health QoL were similar between VATS and thoracotomy patients at follow-up, while mental health QoL was worse among VATS patients [16] . This study, however, did not disentangle the effect of surgical approach (VATS vs. thoracotomy) from the effect of type of resection (lobectomy vs. limited resection) on QoL. The purpose of the current study is to further understand the differences between VATS and thoracotomy patients on baseline QoL, post-surgical QoL, and change in QoL from baseline to post-surgery in a sample of screening-detected early stage (IA) lung cancer patients. In addition, a secondary aim is to compare limited resection and lobectomy QoL scores among the thoracotomy patients. This is one of the first studies in which specific changes in QoL subscale scores will be examined in addition to overall physical and mental health QoL. In addition, differences based on patient-specific demographic factors such as gender and smoking status will also be examined.
MATERIALS AND METHODS
This report draws from the database of newly diagnosed cases of non-small cell lung cancer (NSCLC) identified as a result of computed tomography (CT) screening in the International Early Lung Cancer Action Program (I-ELCAP) cohort. The screenings were performed under an IRB approved, HIPAA compliant common protocol at each of the participating institutions from 2001 (when the SF-12 QoL measure started to be collected) to 2014 on smokers, never smokers, and participants with occupational exposure to airborne carcinogens or exposure to secondhand smoke aged 40 years and older [17] . Consent was obtained from all participants at the time of enrollment. Participants were interviewed to obtain information on relevant demographics, occupational history, smoking habits, and co-morbidities. For purposes of this study, only participants diagnosed with their first primary pathologic stage IA non-small-cell lung cancer that underwent surgery and provided follow-up information 1 year later (7-18 months) were included in the present analysis. This time interval corresponds to the I-ELCAP screening clinical regimen for repeat CT scans. Staging classification for lung cancer was made centrally based on the American Joint Committee on Cancer Staging Manual, sixth edition, with one exception. Cases of multiple adenocarcinomas (<30 mm in diameter) without lymph node metastases were classified as synchronous primaries and considered to be stage IA. Information regarding resection method (i.e., VATS or thoracotomy) was collected for all resection patients.
QoL information was collected using a standard SF-12 form which is a shorter version of the SF-36 questionnaire [18] . The SF-12 assesses eight domains of health: physical functioning, role limitations due to physical health, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional problems, and mental health. The SF-12 is used to calculate two component scores, the Physical Component Summary Score (PCS) and the Mental Component Summary Score (MCS). Both MCS and PCS have scores that range from 0 to 100 (worst to best QoL). The PCS is a combination of SF-12 items that focus on participants' perceptions of their general health, mobility, limitations due to physical problems, and limitations in work/ productivity due to physical problems and pain. Similarly, the MCS focuses on participants' experiences of symptoms of depression and anxiety, difficulties with social activity, and amount accomplished due to emotional difficulties.
Statistical Analysis
Continuous variables are presented as means and standard deviations, categorical variables as percentages. Univariate and multivariate analyses were performed to examine the difference in physical (PCS) and mental (MCS) health component scores of the SF-12 before and after surgery using paired t-test and analysis of variance tests. Univariate and multivariate analysis of variance were also performed to examine the difference in SF-12 subscales before and after surgery. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). Covariates include age, education, ethnicity, gender, pack-years of smoking, and presence of comorbid conditions (e.g., liver disease, asthma, diabetes) as these are often associated with lung cancer QoL outcomes in the literature.
RESULTS
There were 100 participants (50 women, 50 men) who matched the inclusion criteria and had an SF-12 questionnaire completed at baseline CT screening and at 1-year follow up after surgery for pathologic stage IA non-small cell lung cancer. Their mean age was 63 years (SD ¼ 8.2); 85 patients underwent thoracotomy and 15 underwent video-assisted thoracoscopic surgery (VATS). The average time of follow up was 11 months after surgery (SD: 2.3 months; range: 7-18 months postsurgery). See Table I for a description of the patient sample.
Changes in Quality of Life After Surgery
On baseline screening CT, average PCS and MCS scores were 49.1 (SD ¼ 6.9) and 52.2 (SD ¼ 9.6), respectively. Mean post-surgery PCS was 46.9 (SD ¼ 8.7) and MCS was 53.9 (SD ¼ 9.6). There was a statistically significant decrease in PCS from baseline to post-surgery follow-up (À2.2; 95% CI: À3.62, À0.71), while MCS showed a nonstatistically significant increase at post-surgery follow-up (þ1.7; 95% CI: À0.22/3.63) (Table II; Figs. 1 and 2). 
Effect of Method of Resection on PCS
A significant decrease in PCS score was observed among those who underwent resection via thoracotomy (À2.8; 95% CI: À4.38, À1.23), while there was a non-statistically significant improvement in post-surgical PCS among patients who underwent VATS resection (þ1.4; 95% CI: À2.30, 5.20). The difference in PCS from baseline to follow-up between the two methods of resection was statistically significant (þ4.25). At multivariate analysis, adjusting for sex, age, pack-years of smoking, ethnicity, and education, the mean PCS at baseline did not vary by method of resection (Table III; Figs. 1 and 2).
Effect of Method of Resection on MCS
MCS was statistically significantly improved after thoracotomy (þ1.5; 95% CI: 0.54, 3.62), but the improvement was non-statistically significant after VATS (þ2.7; 95% CI: À3.06, 8.41). The difference in MCS from baseline to follow-up was not significantly different between the two methods of resection in both the univariate and multivariate regression models adjusting for sex, age, pack-years of smoking, ethnicity, and education (Table III) . Journal of Surgical Oncology
SF-12 Subscales
On baseline screening CT, the mean general health score was significantly higher among patients who underwent resection via VATS compared to patients who underwent resection via thoracotomy (65.0 AE 22.8 vs. 54.4 AE 16.0). Patients who underwent resection via thoracotomy had a higher baseline score in the remaining seven subscales compared to patients who underwent resection via VATS. However, the difference in score between the two methods of resection was non-statistically significant (Table IV) . (see Fig. 3 ).
During follow-up 7-18 months post-surgery, the mean general health score was significantly higher among patients who underwent resection via VATS compared to patients who went resection via thoracotomy (70 AE 14 vs. 57.1 AE 21.3). In the remaining seven SF-12 subscales, the average score was higher among patients who underwent resection via VATS compared to patients who underwent resection via thoracotomy, except for vitality and social function. These differences in subscale score post-surgery were not statistically significant.
The method of resection had a significant impact on both role function-physical and role function-emotional subscales from pre-to post-surgery. There was a decrease in average physical (À9.6 AE 23.6) and emotional (À2.6 AE 20.0) role function scores from pre-surgery to follow-up among patients who underwent resection via thoracotomy, while an increase in average physical (10.8 AE 27.5) and emotional (11.7 AE 31.9) role function scores was observed among patients who underwent VATS resection. After adjusting for sex, age, pack-years of smoking, ethnicity, and education, the difference in method of surgery on QoL was significant only for role function (physical and emotional) subscales in that role function was significantly higher among patients who underwent resection via VATS (Table IV) .
MANCOVA results suggested that the method of resection has no overall effect on any of the SF-12 subscales after adjusting for other covariates (Wilks' Lambda ¼ 0.89, F (8,86) ¼ 1.32, P ¼ 0.25).
Effect of Sex and Smoking
There were a significant decrease in PCS in both males (À2.2; 95% CI: À4.33, À0.09) and females (À2.1; 95% CI: À4.20, À0.04) after surgery. A non-statistically significant increase in post-surgical MCS was observed in both males and females. After adjustment for age, pack-years of smoking, ethnicity, and education, the difference in baseline to post-surgical score for both PCS and MCS were non-statistically significant between males and females (Table II) . A significant decrease in PCS score was observed among former smokers (À2.8; 95% CI: À4.38, À0.67). A non-statistically significant increase in post-surgical MCS was observed in both current and former smokers. No differences between current and former smokers were observed in the change of both PCS and MCS post-surgery (data not shown).
Stratified Analysis by Type of Surgery Among Patients Who Underwent Thoracotomy
A decrease in post-surgical PCS was observed in both patients who underwent lobectomy and those who underwent limited resection (À0.6; 95% CI: À4.0, 2.8); however, the decrease was only significant among those who underwent lobectomy (À3.3; 95% CI: À5.1,À1.5). When comparing the average change in PCS post-surgery, patients who underwent limited resection had a significantly higher PCS than those who underwent lobectomy, and the difference persisted at multivariate analysis. No significant differences between types of surgery were found in the change of MCS post-surgery (Table V) . 
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DISCUSSION
The current study is one of the first to examine the impact on QoL of VATS as compared to thoracotomy among early stage IA lung cancer patients. Although the sample size is small, and the results should be considered preliminary and interpreted with caution, the data suggest that there is no clinically significant difference in change from baseline to post-surgery in overall physical health or mental health QoL between the two groups. This somewhat corroborates Rizk et al.'s findings that there is no difference between the two in terms of physical health QoL, although they found that mental health was consistently worse in the VATS group. However, the study by Rizk did not examine the changes Journal of Surgical Oncology from baseline to post-surgery according to type of surgery, but rather compared the baseline QoL scores between the two groups and the follow-up QoL scores between the two groups, separately [16] . Further, the current study was able to look at more subtle differences in QoL between the two groups, as QoL role functionality subscales were examined. These adjusted results indicated that the improvement in physical health role functioning from baseline to post-surgery among VATS patients significantly differed from the decrease in physical health role functioning among thoracotomy patients. Similarly, the increase in emotional health role functioning among VATS patients differed significantly from the slight decrease in emotional health role functioning among thoracotomy patients. It is possible that role functioning, which is specific to the impact of the physical or emotional correlates of the illness on the ability to accomplish tasks and participate in activities, is able to assess the more subtle differences that the two procedures have on QoL. It would be expected that VATS would have a more positive impact on QoL role functioning and garners greater patient acceptance largely due to less post-surgical pain as compared to thoracotomy [19] .
Despite the small sample size, we were able to disentangle the effect of type of resection among those who underwent thoracotomy, something that was not done in previously published work [16] ; we were able to assess that the extension of lung resection (lobectomy vs. limited resection) rather than type of surgical approach (thoracotomy vs. VATS) may be an important factor in determining physical QoL post-surgery. This novel, important aspect needs to be further explored in larger studies comparing both the extent of the resection and the surgical approach at the same time.
It was somewhat surprising that no differences were seen in the adjusted analyses regarding gender. Physical health QoL significantly decreased from pre-to post-surgery among both men and women, but this change was not significantly different when compared between the two. Previous lung cancer surgical studies have found women to generally fare worse than men in terms of post-surgical QoL [15, 20] , although the literature is somewhat mixed with some findings not supporting gender differences [14, 21] .
The current study findings should be interpreted with caution given the small sample size. Other limitations include the relatively wide window of follow-up time. However, analyses conducted with a narrower follow-up window (9-15 months; results not shown) revealed comparable findings. Further, the SF-12 is a general measure of QoL, not specific to cancer or lung cancer; the result is a measure that is inferior to other disease-oriented questionnaires used to assess QoL in cancer survivors, and is more susceptible to floor and ceiling effects. Also, conducting multiple comparisons using both overall and multiple subscale QoL scores as outcomes could result in chance findings. Future research that employs a prospective, longitudinal design will be useful in verifying these findings and understanding the chronicity of these effects on QoL. The study team, through the prospective design of the new Initiative for Early Lung Cancer Research on Treatment (IELCART) protocol, plans to collect prospective data from a large sample of early stage lung cancer patients in order to support or refute the current study findings with greater statistical power. This prospective study will also include a more expanded, comprehensive assessment of QoL.
Finally, given that this is an observational study in which randomization was not feasible, it is possible that multiple sources of bias existed within and between the two groups. However, the current study was able to adjust for many potential demographic differences between the two groups.
CONCLUSIONS
Although the current study findings must be considered preliminary and interpreted with caution, the findings underscore that surgeons cannot necessarily assume that VATS, a less invasive approach, will have an overall more positive impact on post-surgical QoL and that thoracotomy will have a more negative impact on post-surgical QoL. It is likely that there are some differences, given the study findings regarding role functioning, but these differences may be nuanced and more complicated than just overall improvement or worsening. The more important message of these findings is that QoL does change postsurgery, and the changes may not differ greatly by surgical approach but rather by extent of the resection. Surgeons and other lung cancer health care providers should consider having more in-depth conversations with early stage lung cancer patients regarding post-surgical QoL issues so that these patients, for whom mortality is less of an issue, feel better prepared for life post-surgery.
